Silver nanoparticles are of interest due to their unique physicochemical and antimicrobial properties. The nanoparticles were produced by chemical reduction using short chain polyethylene glycol (PEG) as reducing agent, solvent and stabilizer in absence of other chemicals. Silver nanoparticles were separated from colloidal dispersion by ultra centrifuge at 14000 rpm. The reduction of silver ion (Ag + ) to silver nanoparticles (Ag º ) was monitored by pH measurement and UV-visible spectroscopy of colloidal dispersion at fixed intervals. Silver nanoparticles were characterized by X-ray diffraction (XRD) and transmission electron microscopy (TEM) and diphenyl-picrylhydrazyl (DPPH) radical scavenging method. Antimicrobial activity of silver nanoparticles was investigated against Escherichia coli, Staphylococcus aureus and Vibrio parahaemolyticus by agar plate test. Results indicated 51.5% conversion efficiency of silver ions to silver nanoparticles. Colloidal dispersion containing 4.12 mg/ml silver nanoparticles showed uniform size of 5.5 ± 1.1 nm with a typical visible spectra band at 447 nm. Silver nanoparticles showed significant (p < 0.05) antimicrobial efficiency and with concentration of 100 ppm resulted in 46.22%, 66.51% and 69.06% inhibition against S. aureus, E. coli and V. parahaemolyticus, respectively. The nanoparticles were also found to reduce DPPH free radical up to 88.9%. Results of this study proved that the silver nanoparticles produced by polyethylene glycol possess antimicrobial and antioxidant activity.
Introduction
Silver and silver ions have long been known to have strong inhibitory and bactericidal effects as well as a broad spectrum of toxicity to microorganisms [1, 2] and were considered as minimal health risk to human cells [3] . Some mechanisms about inhibitory effects of silver ions have been reported in literature such as reaction of silver ions with cell membrane proteins by combining the thiol(-SH) containing amino acids which leads to inactivation of proteins [4, 5] , formation of " pits" in cell wall of the bacteria and change the membrane permeability [6] , generation of free radicals and subsequent free radical-induced membrane damage [1] .
Metal nanoparticles (MeNPs), especially silver nanoparticles (AgNPs) represent one of the most interesting and developing area in recent studies which can be related to their unique physicochemical characteristics such as catalytic activity, optical and electronic properties, antimicrobial activity as compared with the bulk metal which attributes to high specific surface area and high fraction of surface atoms [4] . In fact, reducing the particle size of materials is an efficient and trustworthy tool for improving their biocompatibility [1] . Literature has shown significant inhibition activity of silver nanoparticles against gram negative and positive bacteria [1, 4, 6] and also inactivation of reactive oxygen species (ROS) and regulating oxidative stress leads to antitumor activity [7, 8] .
Silver nanoparticles have been synthesized by different methods such as irradiation [9, 10] , ultrasonication [4, 11] , chemical reduction [1, 12, 13] , cryochemical, electrochemical processing [14, 15] and green biological method [16] . In most cases of chemical reduction methods, besides a reducing agent, a stabilizer is needed to prevent the nanoparticles from aggregation. So, neutral polymers such as polyvinylpyrrolidone (PVP) and polyvinylalcohol have been widely used [1, 17, 18] . Polyethylene glycol (PEG) by different molecular weight has been studied as stabilizer as well as a solvent and reducing agent of silver ions in absence of other chemicals [12, 13] but there is no research on biocompatibility effects of silver nanoparticles produced by chemical method using polyethylene glycol. The purpose of this study is producing AgNPs by chemical reduction using PEG. It is followed by characterization and investigation of antimicrobial and antioxidant effects of silver nanoparticles.
Materials and Methods
Preparation of Silver Nanoparticles. Silver nitrate (AgNO 3 ) and PEG (molecular weight 200) were provided from Merck Company, Germany. Silver nanoparticles were prepared according to the procedure described by Popa et al [13] . Briefly, AgNO 3 (800 mg) was dissolved in 100 cm 3 polyethylene glycol 200 at room temperature (25ºC) and stirred until complete dissolution of silver nitrate. The transparent solution converted to gray-black colloid, which indicated the formation of silver nanoparticles. In order to monitor the reaction, the samples were taken periodically every 10 minutes for UV-visible absorbance and pH measurement. Colloidal silver dispersion contained silver ions, AgNPs and polyethylene glycol. After 1 hour, the colloidal dispersion was washed with acetone for PEG separation and then, centrifuged by 14000 rpm at 10ºC for 15 minutes for separation of silver nanoparticles from silver ions. Separated silver nanoparticles were dried by using a vacuum dryer (Binder, Germany) at 2.0 bar and 25°C and considered for further examination.
Characterization of Colloidal AgNPs. The size and morphology of colloidal silver nanoparticles were characterized by TEM using a Philips HMG 400 transmission electron microscope operating at 400 kV and by placing a drop of the colloidal silver dispersion onto a carbon-coated copper grid. NanoPhox 0128P particle analyzer was also used for estimating the size distribution of silver nanoparticles which dissolved in deionized water with the assistance of indirect sonication (water bath) for 15 min. Ion and particle concentration of colloidal dispersion was measured by first separating the particles from silver ions by ultracentrifuge at 14000 rpm and then, flam atomic absorption spectroscopy of the transparent liquid. UV-visible spectroscopy measurements were performed at a range of 300-700 nm using a HITACHI U2800 spectrophotometer. The sample for UV-visible measurements was obtained by dissolving the colloidal dispersion in dichloromethane by 3% w/v. The crystallinity of AgNPs was assessed by X-ray diffraction (XRD) analysis of vacuum dried samples. XRD measurements were performed using X'pert PANalytical diffractometer with Cu K a radiation in the range of 2θ = 20 -90 ο .
Antimicrobial Testing. The inhibitory effects of AgNPs were examined by agar plate test. Approximately 10 7 colony forming units (CFU) of Escherichia coli 0157: H7 ATCC 13706, Staphylococcus aureus ATCC 12600 and Vibrio parahaemolyticus ATCC 17802 were cultured on tripton soy agar (TSA) medium supplemented by 20 µl of separated AgNPs in concentration of 10, 50 and 100 ppm (µg/ml) in distilled water, colloidal silver dispersion and polyethylene glycol. The plates were incubated for 24 h at 37 º C. Silver-free TSA incubated under the same conditions used as a control. Finally the numbers of colonies were determined visually by 6 replication of 2 two dilution (10 -7 , 10 -6 ) for each treatment and then analyzed by one-way ANOVA.
Scavenging Activity against the Diphenyl-picrylhydrazyl (DPPH) Radical. The capacity of AgNPs to reduce the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was assessed using the method of Brand-Williams [19] [20] [21] by slight modification. The initial absorbance of the methanolic DPPH solution (5mM) was measured at 517 nm and did not change throughout the period of assay. A volume of 0.1 ml of sample was added to 1.4 ml of methanolic DPPH solution. Discolorations were measured at 517 nm after incubation for 30 min at 30º C in the dark. Measurements were performed at least in triplicate. The percentage of DPPH which was scavenged was calculated using:
where Abs control -absorbance of free AgNPs methanolic DPPH and Abs sampleabsorbance of methanolic DPPH solution containing AgNPs. The concentration providing 50% inhibition (IC 50 ) was calculated by plotting scavenging percentages against concentrations of AgNPs.
Statistical Analysis: Antimicrobial results are expressed as means ± standard deviation (SD) of three measurements and subjected to a one-way analysis of variance (ANOVA) at 95% confidence intervals and antioxidant activity was analyzed by linear regression using MINITAB14.
Results and Discussion
Synthesis and Characterization. Transmission electron microscopy (TEM) showed relatively uniform distributed spherical AgNPs in colloid solution with size of 5.5 ± 1.1 nm (Fig. 1) . The image of TEM also demonstrated the stabilization effect of PEG in order to favor AgNPs formation which can attribute to numerous ether bonds (-O-) present in polyethylene glycol avoiding nanoparticle growth and agglomeration [13, 18] . After separation of PEG by ultra centrifuge at 14000 rpm and vacuum drying of particles, the size increased up to 46.53 nm which was measured by using the particle analyzer (Fig. 2) . The increase in size can be related to stabilizing properties of polyethylene glycol to prevent agglomeration of nanoparticles. Concentration of silver ions in ultracentrifuged PEG of colloid determined by atomic absorption spectroscopy to be 3.88 mg/ml. With respect to 8 mg/ml initial silver concentration, particle concentration and conversion efficiency was calculated as 4.12 mg/ml and 51.5%, respectively.
The UV-vis absorption spectrum of colloidal dispersion is shown in Figure 3 . It shows a typical band at 447 nm which is a characteristic of nanosized silver particles. The absorbance of colloid dispersion at 447 nm wavelength during reaction is also shown in Fig.3 . Absorbance of colloid became constant after 50 min at room temperature (25ºC).
As shown in Fig. 4 , the pH of colloid decreased during the reaction. The reduction of the colloidal solution pH from 7.72 to 6.23 can be related to the release of H + ions from the aldehyde group resulted from oxidation of hydroxyl group of the polyethylene glycol structure. Oxidation of the hydroxyl group in PEG due to the reduction of silver ions (Ag + ) to silver nanoparticles (Ag º ) was demonstrated [12, 22] . XRD patterns from AgNPs are illustrated in Fig. 5 . There were 5 main peaks in the cubic structure which are confirmed to silver in accordance with the ICSD file (3 C reference by code of 01-087-0717). It revealed the formation of metallic AgNPs. Antimicrobial Properties. Antimicrobial tests were performed against the gram negative bacterium E. coli and V. parahaemolyticus and gram positive S. aureus on TSA palates containing colloidal dispersion, PEG and different concentration of AgNPs in distilled water. Table 1 shows the number of colonies grown on TSA plates after incubation. All treatments containing AgNPs showed significant reduction in bacterial growth (p < 0.05). This is similar to the findings by Sondi and Salopek-Sondi [6] and Kim et al [1] . The presence of 100 ppm (µg/ml) of AgNPs inhibited S. aureus, E. coli and V. parahaemolyticus growth by 46%, 66% and 69%, respectively.
Silver nanoparticles showed more inhibitory effect on gram negative bacteria compared gram positive bacteria which is consistent with findings of Cho et al. [4] . Thinner murien cell wall of gram negative bacteria is attributed to more susceptibility to the bactericidal effect of silver ions which allows more rapid absorption of the ions into the cell [14, 23] . In contrast, some other researchers revealed that gram positive strains are more sensitive to silver compounds than gram negative bacteria which attributed to the lack of peptidoglycan layer of gram positive membrane structure [1, 5] . However, further study should be undertaken to distinguish the effect of AgNPs on gram negative and positive bacteria. Moreover, silver free PEG exhibited faint antimicrobial properties which is not significant (P > 0.05) for E. coli and V. parahaemolyticus. Hydrophilic property which resulted in lowering water activity of medium was attributed to antimicrobial activity of polyethylene glycol [24] . Colloidal silver dispersion caused maximum reduction of colonies and complete inhibition of V. parahaemolyticus which can be explained by synergistic effect of AgNPs, silver ions and poly ethylene glycol contained in colloidal dispersion. 
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Antioxidant activity. The ability of AgNPs to neutralize of DPPH free radicals was shown in Fig.6 . Aqueous AgNPs solution by more than 300 mg/ml could scavenge free radical DPPH higher than 50% which can be considered as high scavenging ability [19, 20] . The concentration that led to 50% reduction of DPPH (IC 50 ) was determined as 365 mg/ml. These findings further support previous studies which discussed about metal oxide nanoparticles as reactive oxygen species (ROS) scavenger [8, 25] and also demonstrated alkyl-radical scavenging ability of silver and gold nanoparticles [26] . However, the antioxidant activity is not as effective as standard common antioxidants such as butylated hydroxytoluene (BHT) and Butylated hydroxyanisole (BHA) which reported IC 50 by less than 50 mg/ml [19, 27] . 
Conclusion
This study presented the synthesis of silver nanoparticles by well defined size and nano-responding properties. Silver nanoparticles which produced by environmentally safe, simple and inexpensive method using short chain polyethylene glycol exhibit great biocompatibility characteristics. They have antibacterial properties against gram negative and positive bacterium and also DPPH radical scavenging ability. Application of silver nanoparticles based on these findings in polymers may lead to valuable development of antimicrobial and antioxidant active food packaging which is under research.
